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Abstract 
Seismic base isolation is one of the most commonly implemented and established earthquake protection systems. Seismic base 
isolation is a technique that mitigates the effects of an earthquake by essentially isolating the structure and its contents from 
potentially severe ground motion, especially in the frequency range where the building is most affected. Having designed seismic 
isolation system, the next step was to explore the fabrication of Laminated Lead Rubber Bearings (LLRB). It should be 
affordable and suitable for high seismic zones. Because isolators are subject to extreme deformations and loads during major 
earthquakes, most design codes require they be tested to demonstrate conformance with design expectations. At some point in 
time isolator devices may be required to be removed and replaced. One reason for this may be that the isolators get damaged 
during a severe earthquake. Testing can be performed to verify design properties of the isolation system over a time period. 
Regardless of the reasoning, isolators must be able to be accessed and removed. There may be significant time and costs 
associated with a structure whose isolation system is not readily and easily accessible. In this paper, an indigenous effort to 
develop the bearings and testing of Laminated Rubber Bearings (LRB) with and without lead core has been presented.
© 2015 The Authors.Published by Elsevier Ltd. 
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1.Introduction 
Current building codes require that design properties of isolators be established by the structural engineer 
and prototypes are then to be tested to verify and validate their performance values. ASCE 7 specifies that the 
damping and deformation properties of the isolation system be obtained through testing prior to its use in 
construction. ASCE 7 also indicates that the results of these tests cannot be used by manufacturing companies for 
© 2016 The Authors. Published by Elsevi r Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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quality control testing. This results in isolators being tested twice, once for the project and once for quality control 
performance. Prototype tests required by ASCE 7 are to be performed on two full-sized isolators for each common 
type and size of isolator being utilized. However, these devices shall not be used in construction unless otherwise 
approved by a registered design professional. Requirements for the sequence and cycles of testing are indicated in 
ASCE 7, Section 17.8. Testing performance must also be deemed adequate once results are obtained. ASCE 7, 
Section 17.8.4 describes the conditions in which testing results can be considered adequate and sufficient. 
Specimens should be tested for the verification of conditions specified in the codes.  If these measures are not met, 
testing of additional specimens may be required. 
Based on the experience in fabrication and application of multilayered elastomeric bearings for mechanical 
systems an attempt has been made to indigenously develop large size bearings for structural applications. A 
prototype had been developed primarily to study the elastomeric properties, process parameters like curing, 
vulcanizing, creep studies and engineering properties like load capacity, stiffness, strain parameters etc. Steel mould 
was developed and fabricated in three parts for compression moulding. There were several problems faced in 
maintaining the quality. The main problem was due to stacking of the steel plate in position and ensuring uniform 
thickness of the filler rubber material between the edges and the center. To achieve this, optimum spacers were 
obtained by few trials. This problem is less severe in circular isolator units. The cost and time related to obtaining 
test data for use with the design of the superstructure and to verify the isolator properties can significantly impact the 
building construction and design schedule. Projects with tight schedule and deadlines may not be able to meet these 
requirements if not clearly indicated early in the preliminary design stages. 
2. Design of elastomeric bearing 
Design based on several codes such as FEMA 451, ASCE 41, AASHTO are referred and the design 
program has been developed in the Visual Basic Software.   After finalizing the specification and number of 
bearings and the target displacement of base isolated building, individual isolator characteristics are determined. The 
main requirements for the design of a base-isolation system are (i) the ability to sustain gravity loads, (ii) low 
horizontal stiffness that can lengthen the fundamental time period to a desired value, (iii) large vertical stiffness to 
minimize amplification in vertical direction and complications arising due to rocking, (iv) energy dissipation 
capacity to keep displacements at the isolation level within acceptable limits, and (v) sufficient initial stiffness to 
avoid unwanted vibrations due to wind loads and frequent minor seismic events. The following flow chart gives the 
design of an isolation system for a building.
Fig. 1. Flow chart for design methodology. 
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3. Testing of isolators (as per FEMA 451, ASCE 41-06, ASCE 7) 
Usually three categories of test required: 
x Characterization Tests to confirm basic properties such as effect of velocity, pressure, and temperature 
to develop models for analysis. 
x Prototype Tests for each project prior to production to confirm mechanical properties used in design. 
x Production Tests performed on each isolator (along with material tests) for quality control/quality 
assurance. 
Prototype tests shall be performed separately on two full-size specimens of each type and size of isolator of the 
isolation system. The test specimens shall include components of the wind restraint system, as well as individual 
isolators, if such components are used in the design. 
3.1. Sequence and Cycles 
The following sequence of tests shall be performed for the prescribed number of cycles at a vertical load equal to 
the average QD+ 0.5QLon all isolators of a common type and size. 
x Twenty fully reversed cycles of loading at a lateral force corresponding to the wind design force. 
x Three fully reversed cycles of loading at each of the following displacements: 0.25DD, 0.50DD, 1.0DD, and 
1.0DM. 
x Three fully reversed cycles at the total maximum displacement, 1.0DTM. 
x 30SX1 / SXSBD1, but not less than 10, fully reversed cycles of loading at the design displacement, 1.0DD.
SX1and SXSshall be evaluated for the Design Earthquake. 
where SX1 and SXS design response acceleration parameterat one second and Design short- period response 
acceleration parameter. 
3.2.  Determination of Force-Deflection Characteristics 
The force-deflection characteristics of the isolation system shall be based on the cyclic load testing of isolator 
prototypes. As required, the effective stiffness of an isolator unit, 
effK  , shall be calculated for each cycle of 
deformation by the following Equation
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 where F+ and F- are the positive and negative forces at positive and negative test displacements, 
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respectively. As required, the effective damping of an isolator unit, 
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where the energy dissipated per cycle of loading, loopE , and the effective stiffness, effK , are based on test 
displacements, 
' and '  .  
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4. Experimental investigation 
4.1. Elastomeric Bearing 
A Set of seismic base isolators, made of natural rubber were indigenously fabricated by M/s Resistoflex 
India Ltd., for possible testing and evaluation of dynamic properties. These specimens were typically designed to be 
used in a single or two storied structures in Zone IV applied with a design earthquake. The vertical loads of the 
range 85kN - 120kN and the design displacement (lateral) of 81mm are considered. The specimens were tested in 
pairs, after the application of a constant vertical load. The column vertical load represents the gravity load on the 
isolator. The seismic load is applied as a lateral displacement (or shear strain) in a displacement controlled mode 
using an electro hydraulic actuator. Fig. 2 shows the details of the laminated rubber bearing developed at Resistoflex 
India for the present experimental investigation. The following properties of the materials used for fabrication are 
listed in Table 1.
Table 1Material properties used for fabrication
Rubber Steel Lead
Natural Rubber is used Mild steel is used Pure lead is used
Hardness: 61(±1) Young’s modulus = 210,000 N/mm2 Young’s modulus = 17500 N/mm2
Tensile stress: 0.2-0.6 N/mm2 Poisson’s ratio = 0. 303 Poisson’s ratio = 0.44
Elongation at Break: 695 %
The following are the details of the laminated lead rubber bearings: 
9 Size of the bearing 200mm
9 Diameter of the lead 40mm
9 Thickness of rubber 110mm
9 Thickness of individual rubber layer 10mm
9 Number of rubber layers 11mm
9 Thickness of steel shim 3mm
9 Thickness of steel end plates at top and bottom 20mm
Following figure shows the laminated lead rubber bearing details. The test set up was developed based on 
the biaxial loading condition, where the constant vertical load with the varying horizontal deformation (or force) is 
required as shown in the Fig. 5.  
Fig. 2. Laminated lead rubber bearing (LLRB)
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5. Test on bearings 
The isolator is tested as per the requirements of ISO 22762-3(2010) for compression and shear 
requirements. Tests have been carried out using 
i. Universal Testing Machine (UTM) and  
ii. Quasi static testing facility  
5.1. Compression Testing 
Some of the experiments are carried out on the fresh specimen to check the quality control of elastomeric 
bearings. The LLRB is tested using UTM under a vertical load of 240kN as shown in Fig. 3. 
Fig. 3. Compression test set up for isolator Fig. 4. Load versus deflection curve for compression loading of 120kN and 240kN
From the compression testing, it is found that, vertical deflection around 3mm and 5mm for the vertical 
loads of 120kN and 240kN respectively. The vertical stiffness is very high and it is around 48000kN/m which is 
much higher than the lateral horizontal stiffness (around 55 times the horizontal stiffness).  
5.2. Combined Compression and Shear Testing
The combined compression and Shear test on the test specimen was carried out using Universal Testing 
Machine (UTM)  under constant vertical or compressive load.  
Fig. 5. Combined compression and shear testing set up for isolator and data acquisition system 
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Fig. 6. Force displacement curve obtained on the prototype LLRB under maximum vertical loading 
 From the above graph, it is found that the maximum lateral load under compression is found 75kN and 
lateral displacement of 85mm and which is less than the design displacement of the bearing (81mm). Lateral 
horizontal stiffness is found around 885kN/m. 
5.3. Description of Quasi-static Test Facility 
The Laminated Rubber Bearings are tested to understand the behaviour of bearing under combined constant 
vertical load and varying horizontal deformation (or load) with and without lead core. Figure 6 shows the views of 
the quasi-static testing facility developed for testing the isolator. In this set up, actuator is placed at the centre of 
sandwich system and at the top hydraulic jack is placed to provide the compressive load. In this experiment, 
unidirectional horizontal deformation is given to the bearing under a constant vertical load. Three cycles sine wave 
input was given with frequency varying from 0.01Hz for various displacements. Vertical pressure was maintained at 
3MPa using the hydraulic jack.   
Fig. 7. Quasi-static set up for testing of isolator
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6.  Discussion on results 
In design practice, fundamental properties of laminated rubber bearings with and without lead core are required. 
They are effective stiffness, post yield stiffness, characteristic strength etc. Energy dissipation capacity of bearings 
with respect to the different lateral (shear) deformation is more important while designing the isolation systems. 
Hysteretic curves of LRB and LLRB are plotted to understand the role of lead plug as shown in below figure.  
Fig. 8. Comparison of hysteresis curve for LRB and LLRB at different maximum displacements
From the graphs, it is found that area under the curve (Energy dissipation capacity) for LLRB is much higher 
than the LRB and is increasing by increasing the deformation. Effect of lead can be observed from the above graphs, 
since lead provides the re-centering and increases the energy dissipation capacity of the bearing as we increase the 
lateral deformation.  Lateral stiffness of LLRB is more as in the case of LRB due to the increase in the damping and 
area under the curve. 
7. Conclusion 
This paper basically describes the development of a moderate size prototype elastomeric bearings suitable to 
Indian conditions. The properties of the natural rubber used for bearing have been experimentally evaluated. Testing 
of Laminated rubber bearing with and without lead core have been presented. The results of experimental 
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investigation on elastomeric bearings are discussed and a comparison is made. The major findings from the above 
experimental study are summarized as follows.
x The compression tests under maximum vertical loads (120kN and 240kN), show small vertical deformation 
around 3 to 5 mm only which is in the permissible limit. The effective vertical stiffness of the laminated 
bearing is found to be 48000 kN/m.   
x From the combined shear and compression tests conducted on the bearing under maximum constant 
vertical load (240kN), the maximum shear force taken by the bearing is around 75kN at the shear 
deformation of 85mm which matches with the design value.  
x From the testing of LRB, change in the effective stiffness is observed to be very small or practically no 
difference is found under three cycles of loading and in case of LLRB, it can be seen that there is a slight 
change in the effective stiffness in subsequent cycles. 
x Energy dissipation is much high in LLRB as compared to LRBwhich is measured by calculating area under 
the curve. The difference in the energy dissipation is 80 % to 85 %. Hence the use of LLRB is increasing 
gradually all over the world for seismic protection of structures situated in earthquake prone areas. 
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